The postnatal persistence of fetal hydronephrosis requires further evaluation to establish whether pathological abnormalities are present. This study determined the necessity for voiding cystourethrography (VCUG) to identify vesicoureteral reflux (VUR) in children (n = 195) with prenatally diagnosed hydronephrosis. Among the study population, the prevalence of VUR was 17.4% (24 males, 10 females). There was a poor correlation between the severity of hydronephrosis, ureteral dilatation, presence of bilateral hydronephrosis and presence of VUR. Except for the frequency of urinary tract infections and the presence of renal damage on 99m Tcdimercaptosuccinic acid scans, VCUG was the only reliable method for confirming VUR in this study. The diagnosis of VUR is important for the early detection of renal damage. Further information is needed to develop the optimal approach to the evaluation of prenatal hydronephrosis, with reliable parameters that avoid invasive procedures such as VCUG.
Introduction
Prenatal ultrasound is widely used. As a result, fetal renal pelvic dilatation is reported to be prevalent in 4.5% of pregnancies. 1 Postnatal persistence of fetal hydronephrosis requires further evaluation to determine whether anomalies such as ureteropelvic junction obstruction, vesicoureteral reflux (VUR), multicystic dysplastic kidney, and megaureter are present. 2 VUR is particularly important because it is the main cause of renal scarring and recurrent urinary tract infections (UTI). 3, 4 Studies have reported that voiding cystourethrography (VCUG) for the evaluation of children with prenatal hydronephrosis resulted in the detection of VUR in 9 -21% of cases. 1, 5, 6 Routine use of VCUG in all infants with prenatal hydronephrosis (to investigate whether VUR is present) is, however, controversial. VCUG exposes infants to radiation, carries the risk of new-onset UTI and, in general, is considered to be too invasive for the postnatal evaluation of prenatally diagnosed hydronephrosis. 2, 7, 8 It has been reported that prenatally detected VUR tends to be of a higher grade, which may be associated with renal dysplasia, 9 however, no correlation has been found between pre-and postnatal grade of HH Hwang, MH Cho, CW Ko Voiding cystourethrography in children hydronephrosis and severity of VUR. 10 -12 The aim of the present study was to determine whether VCUG is necessary in evaluating VUR in children with prenatally diagnosed hydronephrosis.
Patients and methods

PATIENT POPULATION
Between January 2000 and January 2008, children diagnosed with prenatal hydronephrosis -and referred to the Department of Paediatrics, Kyungpook National University Hospital (Daegu, Republic of Korea) for further evaluationwere selected for inclusion in the present retrospective study based on the following ultrasonographic criteria: an anteroposterior (AP) renal pelvic diameter ≥ 4 mm in the second trimester and/or ≥ 7 mm in the third trimester on routine prenatal ultrasound examination; 13 an AP renal pelvic diameter ≥ 7 mm, with calyceal or ureteral dilatation, on postnatal ultrasound examination. 14 The study protocol was approved by the Institutional Review Board at Kyungpook National University Hospital, and verbal consent was obtained from the patients' parents/guardians before performing each evaluation.
EVALUATIONS FOR HYDRONEPHROSIS
All patients underwent renal ultrasound, diuretic renogram, 99m Tc-dimercaptosuccinic acid (DMSA) scintigraphy scan and VCUG examinations to determine the cause of prenatal hydronephrosis; the results of these evaluations were analysed retrospectively. The severity of hydronephrosis (as shown on renal ultrasound) was graded according to the grading scale of the Society for Fetal Urology: 15 normal (grade 0), intact renal pelvis; mild (grades 1 and 2), pelviectasia but no caliectasia; moderate (grade 3), dilated pelvis and calyces; severe (grade 4), dilated pelvis and calyces with thinning of the renal parenchyma. The grade of VUR on VCUG was based on the International Reflux Study Committee classification system. 16 
STATISTICAL ANALYSES
Data analyses were carried out using the SPSS ® statistical package, version 12.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . The χ 2test and Fisher's exact test were used to compare the differences between groups; if the differences between three groups were statistically significant based on the χ 2 -test, the Cochran-Armitage trend test was also used. A P-value < 0.05 was considered to be statistically significant. 
Results
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The relationship between UTI frequency and the prevalence of VUR during the followup period is illustrated in Fig. 1 . The frequency of VUR in the groups without UTI and with one UTI was 7.8% (8/102 patients) and 24.2% (16/66 patients), respectively. In the group with at least two UTIs, the frequency of VUR was 37.0% (10/27 patients). There was a significant increase in the presence of VUR with increasing frequency of UTI (P < 0.01; Fig. 1 ).
The severity of hydronephrosis and the frequency of VUR among the 276 renal units is shown in Table 2 . VUR was most common in patients with mild hydronephrosis, but the severity of hydronephrosis and the presence of VUR showed no significant correlation. Of the total 53 (19.2%) renal units with VUR, the prevalence of severe cases of VUR (grade On DMSA scanning, a cortical photon defect was identified in 23/38 renal units (60.5%) with severe VUR. The presence of high-grade VUR was, therefore, significantly correlated with the development of renal scarring on the DMSA scan (P < 0.01; Fig. 2 ).
Discussion
The wide use of prenatal ultrasound has led to an increase in the frequency of preprenatally detected hydronephrosis. 17 The appropriate postnatal evaluation of prenatally diagnosed hydronephrosis continues to be debated. There are many potential causes of prenatal hydronephrosis, including ureteropelvic junction obstruction, VUR, ureterovesical junction obstruction and megaureter; of these, ureteropelvic junction Defect Voiding cystourethrography in children obstruction is the most common. 18 Ureteropelvic junction obstructioninduced hydronephrosis tends to be directly related to the severity of the ureteral obstruction. 19 Similarly, ureteropelvic junction obstruction was the most common cause of prenatal hydronephrosis among the 195 patients included in the present study. The grade of hydronephrosis by ultrasound is a relatively good indicator of the severity of ureteral obstruction; most paediatric nephrologists or urologists can plan further management based on these findings.
Previous reports have shown that the use of VCUG for the evaluation of prenatal hydronephrosis resulted in the detection of VUR in 9 -21% of cases; 1, 5, 6 VUR was observed in 17.4% of patients in the present study. VUR can be the main cause of recurrent UTI and reflux nephropathy; thus, it has been suggested that this anomaly should be confirmed by accurate evaluations, such as using VCUG. 20 VCUG is, however, invasive. Several investigators 7.8,21,22 have suggested that, if the postnatal ultrasound is normal and careful monitoring is possible, VCUG is unnecessary. Marra et al. 11 reported that mild dilatation of the renal pelvis might be an expression of a potentially severe abnormality such as VUR. Other investigators reported that, because there was a poor correlation between VUR and mild hydronephrosis, mild renal pelvic dilatation is not a good predictor of VUR in children. 23 There was no significant correlation between severity of hydronephrosis and presence of VUR in the present study. Moreover, some studies have proposed that VCUG is the only reliable test for detecting postnatal VUR and have recommended it for all children with prenatally detected hydronephrosis. 5, 24 Anderson et al. 25 suggested that a fetal renal pelvic diameter of ≥ 4 mm should be the cutoff point to determine whether VCUG is necessary.
Herndon et al. 26 reported that the characteristics of prenatal ultrasound that indicated the need for VUR include bilateral renal pelvic dilatation, dilatation of the collecting system that increases with voiding during gestation, visualization of a ureter and family history of reflux. Ismaili et al. 1 suggested, however, that only the ultrasound appearance of renal dysplasia and the loss of corticomedullary differentiation are strongly associated with severe VUR. Poor correlation between these characteristics and the presence of VUR was observed in the present study.
The detection of VUR is important because of its association with recurrent UTI and renal damage, such as a reflux nephropathy. 27 McIlroy et al. 4 suggested that the presence of high-grade VUR is the only important factor in predicting the presence of renal damage. There were significant correlations between the frequency of UTI, or renal photon defects on the DMSA scan, and the presence and severity of VUR in the present study.
In conclusion, the present study demonstrated that VCUG was the only reliable method for confirmation of the presence of VUR. Thus, in order to replace VCUG as the preferred method for the diagnosis of VUR, additional studies are needed to determine accurate alternative evaluation methods.
